It has been proposed that the process of hypoxic-reperfusion injury contributes to the persistence of synovitis in the inflamed human joint. The generation of pathological, exercise induced, intra-articular pressure leading to occlusion of the synovial microcirculation is central to this mechanism. However, acute traumatic inflammatory joint effusions rarely result in chronic synovitis, suggesting that either the basic hypothesis is incorrect, or that joints with acute traumatic effusions show different intra-articular pressure dynamics.
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In this study the intra-articular pressure was measured at rest and during isometric exercise in five patients with acute traumatic joint effusions and in nine patients with chronic inflammatory joint effusions. The generation of intra-articular pressure in the patients with acute traumatic effusions was significantly lower at rest (mean 2-0 v 19-6 mm Hg) and during exercise (mean 13-7 v 222-5 mm Hg) than in the patients with chronic effusions. This was due to reflex muscular inhibition around the joint, which inhibited the pathological generation of intra-articular pressure. This difference in the ability to generate intra-articularpressure might mitigate against hypoxic-reperfusion injury in joints with acute traumatic effusions, thereby explaining the paradoxical clinical observation that patients with acute traumatic inflammatory joint effusions rarely develop chronic synovitis.
Hypoxic-reperfusion injury is an established mechanism for the generation of reactive oxygen species, which leads to tissue damage in many organs.' It has recently been shown, ex vivo, that human synovium exposed to hypoxicreoxygenation cycles generates reactive oxygen species,2 whereas hypoxic-reperfusion injury has been shown to occur in vivo in the chronically inflamed human knee joint.Y5 Exercise of the joint causes the intra-articular pressure to rise above the capillary perfusion pressure, resulting in occlusion of the synovial capillary bed and hypoxia.6 7 When exercise stops, the intraarticular pressure falls and reperfusion occurs. As a result, reactive oxygen species are generated by the uncoupling of a variety of intracellular redox systems, and oxidative damage occurs which affects lipids, IgG, hyaluronate, and albumin within the joint.3 8 9 Oxidative damage to many of these biomolecules may initiate a chain of proinflammatory events, and we therefore conclude that hypoxic-reperfusion injury may contribute to the peculiar persistence of chronic inflammatory synovitis.
Intra-articular pressure is central to the mechanism of hypoxic-reperfusion injury to the joint. The dynamics of intra-articular pressure in acute traumatic effusions have never previously been investigated in humans. However, they are of interest because of the intriguing, and to us paradoxical, clinical observation that patients with acute traumatic inflammatory effusions rarely develop chronic synovitis.
In this study, we compared the pathophysiology of the generation of intra-articular pressure in patients with acute traumatic and chronic inflammatory joint effusions to assess whether a difference exists that might mitigate against hypoxic-reperfusion injury in joints with acute traumatic effusions, thereby explaining the paradox.
Patients and methods

PATIENTS
After approval by an ethical committee, two different groups of patients were studied: (a) patients with chronic inflammatory knee effusions and (b) patients with acute traumatic knee effusions.
Eight patients with chronic knee effusions and one patient with a chronic shoulder effusion were studied. The was linear from -50 to 1500 mm Hg between 0 and 60°C. The probe was sterilised by immersion in 2% activated glutaraldehyde solution for two hours.
The subjects were rested in a recumbent position for 30 minutes before the measurements were taken. A 14 gauge PTFE cannula was introduced into the suprapatellar recess of the knee, from the medial approach, after subcutaneous infiltration of 2% lignocaine. Care was taken not to inject any anaesthetic into the joint cavity for two reasons: (a) to avoid increasing the intra-articular effusion volume, hence raising the intra-articular pressure and (b) to avoid any influence of the anaesthetic on the muscle tone of the quadriceps. On removal of the trochar, the pressure transducer was immediately introduced into the knee cavity via the cannula to measure the intra-articular pressure directly. The pressure probe was connected to a chart recorder (BBC Austria) to allow continuous measurement of the intraarticular pressure (fig 1) . The intra-articular pressure was recorded at rest and during cycles of isometric quadriceps contraction and subsequent relaxation. A minimum of four cycles was performed per patient and a mean value for the intra-articular pressure during exercise was obtained. The subjects held their heads in a neutral position during testing to avoid the effect of tonic neck reflexes on the Hoffman reflex.'0 The pressure probe was calibrated against a mercury manometer before and after all pressure measurements.
The intra-articular pressure was measured in one patient with a chronic inflammatory shoulder effusion. The Figure 1 Typical example ofrecording ofthe intra-articular pressure from patient 4.
group inhibition was noted on contraction of the quadriceps. Quadriceps inhibition was not obvious in the patients with chronic effusions.
In the patients with chronic effusions, the mean (SD) intra-articular pressure at rest was 19-6 (23 5) mm Hg and the mean intra-articular pressure during exercise was 222-5 (158-6) mm Hg. In the patients with acute traumatic effusions, the mean (SD) intra-articular pressure at rest was 2-0 (2-8) mm Hg and the mean intra-articular pressure during exercise was 13-7 (8 6) mm Hg. There is a clear difference in the generation of intra-articular pressure between the two groups. This is significant both at rest (p<0-01) and during exercise (p<0 001).
Discussion
INTRA-ARTICULAR PRESSURE AT REST
In the patients with chronically inflamed joints the mean intra-articular pressure at rest was Intra-articular pressure of 76 mm Hg may therefore not necessarily compromise synovial perfusion.
In the group of patients with acute traumatic effusions the mean intra-articular pressure at rest was 2-0 mm Hg, significantly less than in patients with chronic joint effusions. This difference may be explained by lower quadriceps muscle tone in the group with traumatic effusions; these patients showed clinically greater quadriceps inhibition, an observation supported by other workers. '7 18 In addition, the chronically inflamed joint capsule shows greater elasticity,'3 suggesting an increased ability for the generation of intra-articular pressure.
INTRA-ARTICULAR PRESSURE DURING ISOMETRIC EXERCISE OF THE JOINT
During isometric quadriceps contraction of the joints in the patients with chronic effusions there was a large increase in the intra-articular pressure in all instances (mean 222 5 mm Hg). Several types of synovitis were studied and the increase in intra-articular pressure is clearly not specific to a particular disease. These findings are consistent with the findings of other workers. " 19 20 The increase in the intraarticular pressure in most instances, was larger than the expected capillary perfusion pressure of the synovium and sometimes greater than the systolic blood pressure. The increase in the intra-articular pressure on contraction of the quadriceps was immediate and lasted throughout the contraction, whether this was five seconds or two minutes. On relaxation of the quadriceps contraction, the intra-articular pressure immediately fell to the value of the intra-articular pressure at rest.
One patient studied had a chronic inflammatory effusion affecting the shoulder joint. Isometric abduction of the shoulder joint produced a similar increase in the intra-articular pressure to that seen in the chronically inflamed knees, suggesting that the increase in the intraarticular pressure during exercise is not necessarily specific to one joint.
It is known that exercise of the normal human knee does not produce significant positive fluxes in the intra-articular pressure," " emphasising the critical role of effusions in the generation of intra-articular pressure. However, during the isometric quadriceps contraction of knees with acute traumatic effusions, only a moderate rise in the intra-articular pressure was [22] [23] [24] The production of quadriceps inhibition by knee joint effusions is well described'9 25 In this study the effect of quadriceps inhibition in the patients with acute traumatic effusions appears to be the most fundamental and influential factor on their failure to generate high intra-articular pressures.
As the generation of increased intra-articular pressure is central to the mechanism of hypoxicreperfusion injury, the failure to generate pathologically high intra-articular pressures in patients with acute traumatic effusions suggests that quadriceps inhibition, in this instance, may be a protective mechanism.
